Since the discovery of Helicobacter pylori as the infectious cause of chronic, active gastritis in humans (19, 24) , additional Helicobacter species have been isolated from humans and animals. Considerable research has focused on helicobacter-associated diseases such as gastritis, peptic ulcers, and gastric cancers in humans and animals (11, 12, 21, 22, 32, 44) , cholecystitis in humans (13) , bacteremia in immunodeficient humans (33) , and hepatitis, hepatocellular carcinoma, and inflammatory bowel disease in mice (4, 15, 17, 29, (38) (39) (40) (41) . Mouse models of helicobacter infection are proving to be valuable for investigating the complex etiopathogenesis of several human idiopathic chronic inflammatory diseases that are hypothesized to be the result of an exaggerated host response to either the normal enteric flora or unidentified pathogens. Mouse models have allowed comparison of the host response to persistent helicobacter infection against different inbred genetic backgrounds as well as between various strains of mice that differ in immunocompetence.
Helicobacter hepaticus is associated with a chronic, active hepatitis in susceptible mouse strains including A/JCr, BALB/ CAnNCr, SJL/NCr, B6C3F1, SCID/NCr, and C3H/HeNCr mice (14, 16, 17, 41) . The A/JCr mouse, an immunocompetent strain, and SCID/NCr, an immunodeficient strain, appear to be among the most disease-susceptible mouse strains identified to date, and in addition to hepatitis, H. hepaticus-infected mice develop some features of inflammatory bowel disease. H. hepaticus infection in A/JCr mice has been well characterized on a longitudinal basis through 18 months of age (15, 41) . In this strain of mouse, H. hepaticus persists in the large bowel and liver and is associated with a chronic proliferative hepatitis and liver cancer and, in some mice, chronic typhlitis (15, 41) . Severe transmural typhlitis and transmural enterocolitis have also been found in experimentally infected male A/JCr mice (43) and female germ-free outbred mice (17) , respectively. Infected A/JCr mice develop sustained serum immunoglobulin G (IgG) antibody responses to H. hepaticus and elevations in enzyme levels in serum indicative of hepatocellular injury. H. hepaticusassociated hepatitis and progression to hepatocellular carcinoma is most prevalent after 1 year postinfection. A clinical syndrome of inflammatory bowel disease and rectal prolapse, with and without concomitant hepatitis, has been described in several strains of genetically manipulated immunocompromised mice, as well as young immunodeficient SCID/NCr and nude mice infected with H. hepaticus (10, 29, 39) and with H. bilis (31) .
The importance of the immune response in either limiting colonization or contributing to the intensity of the inflammatory response to helicobacter infections has been widely debated. In A/JCr mice, the development of helicobacter-associated lesions, particularly hepatitis and typhlitis, has been associated with the concomitant development of a significant serum IgG and Th1 cell-mediated immune response to H. hepaticus antigens that intensifies over the course of infection (15, 38, 41, 43) . Antibody responses to H. hepaticus infection tend to be low in strains of mice that are persistently colonized in the gut but do not develop hepatitis, whereas significant serum antibody to H. hepaticus antigens is demonstrable in strains of mice that do develop hepatitis (42) . Ward et al. reported that mice infected with H. hepaticus develop antibod-ies to hsp70 expressed both by H. hepaticus and diseased hepatocytes and suggested that such cross-reactive host responses may contribute to lesion development (40) . SCID C.B-17 mice reconstituted with memory CD45RB high CD4 ϩ T cells developed severe inflammatory bowel disease when concurrently infected experimentally with H. hepaticus, in contrast to a lower incidence in nonreconstituted but infected immunodeficient controls (4) . However, when SCID C.B-17 and congenic immunocompetent mice were experimentally infected with H. felis to model H. pylori gastritis, similar grades of gastritis and colonization developed in mice incapable and capable, respectively, of mounting an immune response to H. felis, suggesting that the antibody response to helicobacters is not necessary to induce disease (2) .
In the present study, we assessed the extent of hepatitis, proliferative typhlitis, and colitis that developed in SCID/NCr mice naturally infected with H. hepaticus up to the age of 10 months. The objective was to evaluate if the severity of H. hepaticus-associated lesions is progressive with age in an immunodeficient host genotype, as has been established in older H. hepaticus-infected A/JCr mice (15, 41, 43 ). In addition, because H. hepaticus-infected SCID/NCr mice have many more bacteria observable within the liver than do the infected but immunocompetent A/JCr mice, we determined if transplacental infection of fetuses with H. hepaticus occurred in these mice.
MATERIALS AND METHODS

Animals.
In the first part of this retrospective study, SCID/NCr mice naturally infected with H. hepaticus were kindly supplied by the National Cancer Institute (Frederick, Md.) (14, 41) . These included 9 young adult males (4 to 6 months old), 14 older males (9 to 10 months old), and 8 pregnant females (6 to 8 months old). After the colony had been rederived to eliminate H. hepaticus, 6 older (9 to 10 months old) male SCID/NCr mice that were confirmed to be H. hepaticus free were evaluated as negative controls. In addition, 11 fetuses from 8 pregnant SCID/NCr mice and 14 fetuses from 4 pregnant A/JCr mice naturally infected with H. hepaticus were sampled for evidence of transplacental transmission of the infection. Upon arrival, the mice were either necropsied immediately or briefly housed under isolated, quarantine conditions in a facility accredited by the Association for Assessment and Accreditation of Laboratory Animal Care.
Necropsy sampling. At necropsy, samples of the cecum, colon, and liver were collected aseptically for culture and PCR to identify H. hepaticus in tissues. In pregnant female mice, fetuses were aseptically removed from the uterus and the fetal viscera were ground and then cultured for H. hepaticus. Liver samples were processed in Karnovsky's fixative for transmission electron microscopy. The remaining tissues from each mouse were fixed in neutral buffered 10% formalin for histopathological and immunofluorescence evaluation.
Histopathology. After 24 h of fixation in formalin, tissue samples were embedded in paraffin, sectioned at 5 m, and stained with hematoxylin-eosin and by the Warthin-Starry method. Samples were taken from each liver lobe longitudinally from the apical or free margin to the hilus. Separate sections of liver, cecum, and colon were mounted on Probe-On Plus slides (Fisher, Pittsburgh, Pa.) to demonstrate the bacterium in tissues by immunofluorescence.
Liver lesions were graded for hepatocyte necrosis, inflammatory cell infiltrates in the parenchyma, periportal and perivenous areas, oval cell and bile duct hyperplasia, Kupffer and Ito cell hyperplasia, and hepatocyte pleomorphism. Each of these parameters was graded semiquantitatively as 0 (normal), 1 (minimal; Ͻ5% involvement), 2 (mild; 5 to 25% involvement), 3 (moderate; 25 to 50% involvement) or 4 (severe; Ͼ50% involvement) in the liver. The score from each parameter was averaged for each mouse and then compared for each group. The cecum and colon were examined for the extent of inflammatory cell infiltrates in the wall, especially the mucosa and submucosa, and for epithelial cell hyperplasia by using the same grading system. Lesion scores were compared for significant differences by the Mann-Whitney test for nonparametric statistics.
Immunofluorescence. Liver, cecum, and colon samples were processed for immunofluorescence by using polyclonal rabbit anti-H. hepaticus sera (15) . Briefly, tissue sections were deparaffinized in xylene and rehydrated through ethanol to water. The sections were preincubated with normal rabbit serum (Sigma, St. Louis, Mo.) for 5 min to block nonspecific binding and then incubated with anti-H. hepaticus serum at 1:100 dilution. Fluorescein isothiocyanate-conjugated goat anti-rabbit IgG (Sigma) at a 1:50 dilution was then applied. The slides were rinsed with phosphate-buffered saline (PBS) between staining steps, and incubations were done in a humid chamber at room temperature for 1 h. After a final wash with PBS, the slides were coverslipped with buffered glycerol and examined under a Zeiss fluorescent microscope. Control staining was performed in the same manner except that normal rabbit serum was substituted for the polyclonal antibody.
Transmission electron microscopy. Liver samples were fixed in Karnovsky's fixative, postfixed with 1% osmium tetroxide, dehydrated through graded acetone, and embedded in Epon-Araldite 6005 mixture (23) . The plastic blocks were semi-thin sectioned at 1 m and stained with methylene blue/azure II. The areas of interest were identified under a light microscope, cut from the plastic block, and mounted to a plastic bean capsule. A 50-to 70-nm-thick section was then cut, stained with uranyl acetate-lead citrate, and visualized with a transmission electron microscope.
Bacterial isolation. Samples of the liver, cecum, and colon were collected aseptically from each mouse and from the viscera of 20-to 21-day-old SCID/NCr (n ϭ 11) and A/JCr (n ϭ 14) pups aseptically harvested in utero. The tissues were homogenized in 1 ml of PBS, filtered through a 0.45-m-pore-size nylon filter (Millipore, Bedford, Mass.), and cultured for H. hepaticus on blood agar supplemented with 1% trimethoprim, vancomycin, and polymyxin (Remel Labs, Lenexa, Kans.). The plates were incubated at 37°C under microaerobic conditions in vented jars (90% N 2 , 5% H 2 , 5% CO 2 ). Cultured organisms were evaluated biochemically by measuring urease production and morphologically by Gram stain and phase-contrast microscopy.
PCR. PCR evaluation of liver, cecum, and colon samples was performed to supplement previously described (30) culture techniques to confirm infection with H. hepaticus. Briefly, bacterial DNA was isolated from tissue samples by the alkali lysis method. The DNA pellet was then redissolved in sterile distilled water. Two oligonucleotides, 5Ј GCA TTT GAA ACT GTT ACT CTG 3Ј and 5Ј CTG TTT TCA AGC TCC CC 3Ј, were used as primers for amplification. These primers recognize an H. hepaticus-specific region of the 16S rDNA and produce an amplified product of 417 bp. A total of 35 cycles were performed at 94, 61, and 72°C for 1, 2 1/4, and 2 1/2 min, respectively, followed by an elongation step for 7 min at 72°C. The PCR products were separated by electrophoresis on a 6% Visigel separation matrix gel (Stratagene, La Jolla, Calif.), stained with ethidium bromide, and visualized with UV illumination.
ELISA for serum IgG. Serum was collected at necropsy and screened for serum IgG specific for H. hepaticus antigens by using a standard enzyme-linked immunosorbent assay (ELISA) method described previously (43) . Positive and negative controls for detection of serum IgG specific for H. hepaticus antigens were A/JCr male mice that had been experimentally infected with H. hepaticus for 1 year or were known to be H. hepaticus free, respectively.
RESULTS
Pathologic findings.
Grossly, two 4-month-old and one 6 month-old young adult males had single to multiple yellow to gray necrotic foci 0.5 to 2 mm in diameter in one or more liver lobes. Older males and pregnant females had a variably prominent reticular pattern in one or more liver lobes. The cecal wall and/or mucosa was mildly to moderately thickened, and the mucosa appeared to be rough or granular in selected older males and two pregnant females. The severity of the histologic changes in the liver, cecum, and colon is shown in Fig. 1 . The major findings in the liver are illustrated in Fig. 2 to 7 , and those in the cecum and colon are illustrated in Fig. 8 to 10 .
The predominant lesions in the livers of infected SCID/NCr mice were multifocal to coalescing coagulative necrosis of the hepatocyte parenchyma with minimal to mild infiltration of macrophages and neutrophils at the periphery (Fig. 2) . The size of the necrotic foci varied from a few to numerous hepatocytes. Inflammatory cell infiltration was minimal to mild in the remaining parenchyma and periportal areas. In the livers of pregnant female SCID/NCr mice, mild infiltration of mononuclear cells and neutrophils was observed in the periportal and perivenous areas, with marked variation in hepatocellular size and shape (Fig. 3) . In older males, inflammatory cell infiltration was also mild, but Kupffer cell, Ito cell, and oval cell hyperplasia or hypertrophy and hepatocyte pleomorphism were prominent in the affected livers (Fig. 4) . A small number of macrophages and neutrophils accumulated multifocally in the parenchyma and periportal and perivenous areas. Some of the macrophages and Kupffer cells contained intracytoplasmic yellow to brown pigment. Hyperplastic oval cells radiated from the inflamed foci to adjacent hepatic parenchyma and sometimes bridged to adjacent portal areas, with occasional formation of bile ductules. Hepatocyte necrosis became less prominent in the parenchyma, but cytomegaly and karyomegaly of the hepatocytes were marked, with frequent intranuclear pseudoinclusions (Fig. 5) . Collapse of hepatic plates and cap-sular surfaces due to the loss of hepatocytes was observed frequently. Hepatic changes in the younger males were similar but tended to be less severe than those in the older males; pregnant females had significantly less severe changes than did older males (P Ͻ 0.0032) (Fig. 1) . Altered or adenomatous hepatocellular foci were not observed in the livers of any mice. All six of the older male H. hepaticus-free control SCID/NCr mice were free of comparable lesions in the liver (except for focal, peribiliary accumulations of histiocytic cells, not shown), cecum (see Fig. 8B ), or colon (see Fig. 10B ).
Warthin-Starry stain revealed that numerous H. hepaticus organisms were present in the liver parenchyma and the cecal and colonic mucosa of all infected mice but were absent from the liver sections of control mice. In the livers of infected mice, bacteria appeared localized between hepatocytes (Fig. 6) . The severity of the hepatic lesions appeared to be associated with a relative abundance of bacteria. By transmission electron microscopy, spiral bacteria with morphology consistent with H. hepaticus were observed within bile canaliculi of affected livers (Fig. 7) . The bile canaliculi were variably dilated, with swelling, blunting, and decreased numbers of canalicular microvilli. The hypertrophic hepatocytes contained abundant mitochondria and/or endoplasmic reticulum. Cytoplasmic invagination into nuclei was frequently seen (intranuclear pseudoinclusions were seen histologically). Hyperplastic or hypertrophic Ito cells often had markedly vacuolated cytoplasm and peripherally displaced nuclei. Hyperplastic or hypertrophic oval cells often formed small ductules, with variably patent lumina and intercellular junctional structures.
Proliferative typhlitis was observed in all infected mice except for one pregnant female (Fig. 1) . Inflammatory cell infiltration, consisting mainly of macrophages and neutrophils, was mild, but mucosal epithelial cell hyperplasia was moderate to marked in all affected mice, particularly in two pregnant females (Fig. 8) . The mucosa was markedly thickened, with frequent villous to papillomatous folds extending into the lumen. Epithelial cells were markedly basophilic and densely piled up and had a high mitotic index. Goblet cells were variably decreased in number or were completely absent in the proliferative mucosa. In the cecum and colon, bacteria morphologically consistent with H. hepaticus were located within the crypts or glandular lumen of the mucosa (Fig. 9 ). Minimal to mild colitis was seen in most mice in each group, whereas mucosal epithelial cell hyperplasia was observed in 11 of 14 older males and in 2 of 7 pregnant females and was absent in younger males (0 of 9) (Fig. 10) .
Two infected SCID/NCr mice had a measurable serum IgG response to H. hepaticus by ELISA (see "ELISA for serum IgG"). The lesion severity scores for one of the two mice, an older male SCID/NCr mouse, were hepatitis [3] , typhlitis [2] with epithelial cell hyperplasia in the cecum (2) and colitis [1] with epithelial cell hyperplasia in the colon [1] ; scores for the second mouse, a pregnant female, were hepatitis [2] , typhlitis [3] with epithelial cell hyperplasia in the cecum [4] , and colitis [2] with epithelial cell hyperplasia in the colon [2] .
Immunofluorescence. As with the Warthin-Starry stain, immunofluorescence with anti-H. hepaticus serum revealed numerous organisms in the liver parenchyma. Some uninfected mice had very weakly fluorescent, scattered positive granules in the cytoplasm of a few hepatocytes, which may be due to cross-reactivity of the antisera with intracytoplasmic components. However, the pattern and intensity of the positive fluorescence in uninfected mice were clearly of a much lower magnitude from that observed in infected mice. The number of positive-staining helical bacteria appeared to correlate with the severity of hepatitis in the infected SCID/NCr mice. There were no positive-staining bacteria without evidence of hepatitis, nor were any bacteria noted in the livers of control mice.
Bacterial culture. Bacterial cultures of selected liver, cecal, and colonic samples were performed for the control group of FIG. 1. Severity of liver, cecum, and colon lesions in H. hepaticus-infected young adult males, older males, and pregnant female SCID/NCr mice. Individual histologic scores and medians are shown. Older males had more severe hepatitis than pregnant females (P Ͻ 0.0032) but there was only a trend for older males to have more severe lesions than younger males. The extents of typhlitis, cecal epithelial hyperplasia, and colitis were similar among groups. Older males had greater colonic epithelial hyperplasia than did younger males or pregnant females (P Ͻ 0.05).
six older male SCID/NCr mice and for the naturally infected mice. The older male control SCID/NCr mice were free of H. hepaticus by culture of liver and cecal tissue. Samples of viscera from 2 of the 11 SCID/NCr fetuses were culture positive for H. positive for recovery of H. hepaticus from young adult males and from five of seven pregnant females. Colonic and cecal cultures were contaminated in six of six older males, and the culture results were not interpretable. Liver cultures were positive for H. hepaticus in five of eight young adult males, nine of nine older males, and six of eight pregnant females. Bacterial cultures of the liver, cecal, and colonic samples were positive for H. hepaticus in at least one sample per mouse; therefore, on a cumulative basis, each mouse was H. hepaticus positive.
PCR. The results of PCR analysis of H. hepaticus in tissue samples correlated well with those of bacterial culture. Liver, cecal, and colonic samples from pregnant females and older males were all positive for H. hepaticus. An amplified product of 417 bp was produced and visualized for each sample. For four older males for which the bacterial culture was contaminated, PCR analysis of specimens were all positive for H. hepaticus. Control mice were negative for all Helicobacter spp. by PCR.
ELISA for serum IgG. Serum samples from the SCID/NCr mice were compared by an H. hepaticus-specific ELISA to sera obtained from male A/JCr mice that had been experimentally infected with H. hepaticus for 1 year (positive controls) and to negative control sera obtained from H. hepaticus-free male A/JCr mice. The mean ELISA values measured for SCID/NCr mice of all age groups were lower than the mean value measured for the negative control A/JCr mice, indicating the absence of serum IgG to H. hepaticus in the SCID/NCr mice (Fig.  11) . The positive control A/JCr mice had a high IgG response 
DISCUSSION
Hepatitis, proliferative typhlitis, and colitis with progressive mucosal hyperplasia were characterized in this study of young adult male, pregnant female, and older male SCID/NCr mice naturally infected with H. hepaticus. Consistent with the results of previous experiments examining the effects of age and sex on the pathogenesis of H. hepaticus infection in A/JCr mice (15, 43) , older males had significantly more severe hepatitis than did pregnant females and there was a trend for more severe lesions in the older males than in the younger males. All the infected mice had similar grades of mild to moderate typhlitis and minimal to mild colitis, but colonic mucosal hyperplasia was most severe in older males and notably absent in younger males and most pregnant females. This study is the first to show that colonic mucosal hyperplasia associated with persistent H. hepaticus infection in male SCID/NCr mice becomes more severe with age. Although control groups were not evaluated because uninfected SCID/NCr mice were not available at the time, subsequent analysis of older, uninfected SCID/NCr male mice and previous studies of control, uninfected SCID C.B-17 mice (4, 31) indicated that these findings are consistent with a hypothesis that a chronic inflammatory response to bacterial infection may be a cofactor for some forms of idiopathic hepatic disease (13) and inflammatory bowel disease (4, 28, 36) . In addition, recovery of H. hepaticus from a limited number of near-term fetuses carried by infected SCID/NCr dams raises new concerns that transplacental infection of H. hepaticus may occur in naturally infected immunodeficient mice.
As expected, most SCID/NCr mice infected with H. hepaticus did not have detectable serum IgG against H. hepaticus antigens. The two SCID/NCr mice with a measurable antibody response were apparently leaky, a term used to describe the emergence of functional B cells in older SCID mice (1). These two mice had mild to severe lesions that varied by tissue (see Results). Because only two mice were leaky and their lesion scores were not significantly different from those of other mice within the same cohort, conclusive statements about the significance of their antibody response to H. hepaticus cannot be made. By light and electron microscopy, numerous bacteria with a morphology consistent with H. hepaticus were observed in the crypts of the cecum and colon of all infected mice and between hepatocytes or within bile canaliculi of the majority of the infected SCID/NCr mice. Persistence of infection was also supported by both bacterial culture and PCR analysis of liver, cecal, and colonic samples that were positive for H. hepaticus in at least one tissue per mouse. Recovery of H. hepaticus by culture from the livers of these naturally infected SCID/NCr mice was higher than in previous attempts to culture H. hepaticus from immunocompetent, naturally infected A/JCr mice (14, 15) . Additionally, hepatic inflammation was less severe in the SCID/NCr mice than in the infected A/JCr mice, which have been shown to respond to H. hepaticus with a proinflammatory Th1-cell-mediated immune response (43) . Taken together, the more moderate inflammatory response and larger number of organisms in SCID/NCr mice than in immunocompetent A/JCr mice support the role of an adaptive immune response in limiting colonization of the liver with H. hepaticus. This suggests that the immune response inhibits colonization and/or clearance of the bacteria from the liver by potentially preventing bacterial adherence to the mucosa by IgA, by antibody-mediated killing of bacteria by Fc-receptor positive phagocytic cells, and by complement-mediated bacterial cell lysis. SCID/NCr mice also are deficient in important T-cellmediated responses that have been shown to be proinflammatory in H. hepaticus-infected AJ/Cr mice (43) .
There also is evidence the host immune response has limited ability to restrict helicobacter replication and spread, particularly during mucosal surface infection. Not only can some intestinal helicobacters colonize the liver, but also vertical transmission of a helicobacter was first proposed when "H. rappini" was suspected to have crossed the placenta and caused hepatic necrosis in fetuses during natural infection in presumably immunocompetent sheep (3). The same isolate reproduced liver necrosis in the fetuses when given as an experimental challenge to pregnant guinea pigs (3). The apparent transplacental H. hepaticus infection in the SCID/NCr mice in our study suggests that immunodeficiency is a contributing factor; more studies are needed before definitive conclusions can be made. A role for the adaptive immune response in limiting helicobacter colonization or influencing the extent of inflammation was not supported by studies of H. felis-induced gastritis in SCID C.B-17 mice (2). The number of H. felis organisms was not statistically different between immunodeficient and congenic immunocompetent mice, and the two groups of mice had similar grades of gastritis. There are important differences between the H. felis and H. hepaticus mouse models that may explain the disparity between the immune status and the ability or inability to limit bacterial colonization. The H. felis mouse model involves a gastric mucosal infection produced by an acute experimental challenge with a large number of organisms that are not naturally acquired mouse pathogens. In contrast, natural infection of the mouse with H. hepaticus results in colonization of the lower bowel in virtually all mouse strains examined, but colonization of the liver occurs only in select inbred strains, indicating that genetic factors such as those that regulate the immune response are critical to host defense. Lesions observed to develop in the infected SCID/ NCr mice in this study may have been promoted by other host and bacterial virulence factors suspected to be involved in the pathogenesis of helicobacter infection and disease. In brief, these include chemotactic factors released from monocytes and neutrophils, as well as bacterial release of cytotoxin, urease, and lipopolysaccharide (5-8, 20, 25-27, 34, 35, 37, 43) .
Our results with younger SCID/NCr mice are similar to other descriptions of H. hepaticus-associated hepatitis, typhlitis with or without associated colitis, and proctitis with rectal prolapse in young SCID and other immunodeficient mice (10, 29, 38, 39) . Interestingly, our data demonstrates that colonic mucosal proliferation was more severe in older than in younger male H. hepaticus-infected SCID/NCr mice. Mild to severe typhlitis has been observed occasionally in infected A/JCr mice (15, 34, 39, 43) . In contrast, proliferative typhlitis was marked and consistent in the SCID/NCr mice. The lesions of H. hepaticus-associated hepatitis and proliferative typhlitis found in a small number of male SCID/NCr mice from the age of 7 weeks through 5 months (29) were very similar to the lesions noted in the 4-to 6-month-old male mice in our study. We recently described inflammatory large bowel disease with rectal prolapse in several strains of immunodeficient mice infected with H. hepaticus, including six female SCID/NCr mice that were 32 to 42 weeks old (39) . All of the mice had variable degrees of proliferative typhlitis, colitis, and proctitis with rectal prolapse, but concomitant hepatitis was rarely observed. This low incidence of hepatitis may be related to the fact that only 9 of 64 mice examined were male and these male mice were on a C57BL/6 background, which is resistant to the development of helicobacter-associated hepatitis (40) . The H. hepaticus-infected SCID/NCr mice examined in this study showed consistent development of hepatitis and proliferative typhlitis and variable colitis, without concomitant proctitis and rectal prolapse. The difference in the extent and distribution of lesions between mice of similar genetic backgrounds is currently unexplained, but environmental factors (18) and the interaction of H. hepaticus with other resident enteric bacteria (9) have received the most emphasis. Thus, the mechanisms that govern the spectrum of disease manifestation in H. hepaticus-infected mice cannot be attributed solely to the host immune response and appear to be multifactorial.
